The majority of patients receiving heparin preparations are at stress, which is a risk factor for the development of gastric erosions. Our aim was to examine the effect of unfractionated heparin (UFH) and low molecular weight heparins (LMWHs) on gastric acid secretion. Gastric acid secretion was induced in urethane-anesthetized rats by distention of the stomach (2 ml saline for 2 h) in addition to histamine or bethanechol stimulation. Distension-stimulated acid secretion (2 ml for 2 h) was significantly inhibited by intraperitoneal administration of UFH (2000 IU/kg, 19% reduction), enoxaparin (180 or 360 IU/kg, 59.2 and 87.1%, reduction, respectively), nadroparin (1000 or 2000 IU/kg, 36 and 60.7% reduction, respectively), and tinzaparin (3000 IU/kg, 41.3% reduction). All tested heparins also suppressed acid secretion in response to distention and histamine or bethanechol stimulation. Pretreatment with indomethacin did not abolish the gastric inhibitory action of nadroparin. After truncal vagotomy or atropine, nadroparin failed to inhibit acid secretion stimulated by histamine. Ganglionic blockade with guanethidine abolished the gastric inhibitory action of nadroparin or UFH. It is concluded that both UFH and LMWHs administered peripherally inhibit stimulated gastric acid secretion in the rat. This effect of heparins is determined by cholinergic and partly by adrenergic mechanisms.
INTRODUCTION
The past few years have witnessed the introduction of several low molecular weight heparin (LMWH) preparations for the prevention and treatment of various thromboembolic disorders [1, 2] . Unfractionated heparin (UFH) is a heterogeneous mixture of polysaccharide chains ranging in molecular weight from about 3000 to 30,000 daltons (Da). LMWHs are fragments of UFH produced by controlled enzymatic or chemical depolymerization processes that yield chains with a mean molecular weight of about 5000 [3] . Their lower molecular weight and shorter polysaccharide chain length resulted in distinct pharmacokinetic properties. LMWHs exhibit less nonspecific binding to plasma proteins and endothelium, improved bioavailability, longer plasma half-life, and more predictable response [4] .
Because the depolymerization process results in structural changes to UFH [5] , LMWHs are also likely to exert different pharmacological actions, distinct from their anticoagulant properties [6, 7, 8] .
The vast majority of patients who are receiving these heparin preparations are certainly at stress [9] , which is a risk factor for the development of gastric erosions and or gastric bleeding [10, 11] . In addition, acute gastroduodenal lesions were more commonly found when endoscopy was performed early after admission in patients with acute venous thromboembolism [12] . It therefore looked pertinent to examine the effect of different LMWHs on gastric acid secretion. Gastric acid is an important factor in the genesis of gastroduodenal mucosal injury and acid suppression with the histamine H2 antagonists or proton pump inhibitors is a fundamental in prophylaxis or treatment of stress ulceration [11, 13] .
Early work also suggested an inhibitory effect for heparin on gastric acid secretion [14, 15] . The present study aimed to evaluate the effect of three already marketed LMWHs, namely enoxaparin, nadroparin, and tinzaparin, as compared to conventional UFH on stimulated gastric acid secretory responses in urethane-anesthetized rat.
MATERIALS AND METHODS

Animals
Sprague-Dawley strain rats, of both sexes, 120-130 g of body weight, were used throughout the study and housed under standardized conditions for light and temperature. Rats were deprived of food for 18 h before the experiments, but allowed free access to tap water. The number of rats used in each experiment is presented in the text in parenthesis.
Drugs
The following drugs were used: heparin sodium (Nile Pharmaceutical Co., Cairo, ARE), enoxaparin sodium (Clexane, Rhone-Poulenc, France), nadroparin calcium (Fraxiparin, Sanofi/Cedex, France), tinzaparin sodium (Innohep, Leo Pharmaceutical Products, Ballerup, Denmark), histamine dihydrochloride, bethanechol (methacholine chloride), and urethane (Sigma, USA). Drugs were freshly diluted in saline before use to obtain the necessary doses. The doses of different heparins used in this study were selected based on the human doses used in therapy of deep-vein thrombosis [16, 17, 18] after conversion to that of rat according to Paget and Barnes [19] (Table 1) . The doses for rats used were calculated according to Paget and Barnes conversion tables [19] .
Study Design
Acid secretion was measured in the acute fistula rat anesthetized with urethane (1.25 g/kg, i.p.) and maintained at 37°C by means of a heating lamp [20] . In brief, the abdomen was opened through a midline incision, the pylorus ligated, and 1-cm-diameter, double-lumen, plastic gastric cannula was inserted through an incision in the forestomach and exited the abdomen through the midline incision. At the beginning of the experiments, the stomach was flushed with physiological saline. A period of at least 30 min was allowed for stabilization of gastric acid secretion. Then, the stomach was distended by filling with 2 ml of saline and clamping the outlet of the gastric cannula, which was maintained for 2 h. The distention was carried out with or without the administration of different heparins under study. Drugs were administered by intraperitoneal route after dilution in saline to obtain the necessary doses in 0.2-ml volume. Conventional UFH (1000 or 2000 IU/kg, i.p., n = 6/group), nadroparin (1000 or 2000 IU/kg, i.p., n = 7/group), enoxaparin (180 or 360 IU/kg, i.p., n = 6/group), or tinzaparin (1000-3000 IU/kg, i.p., n = 6/group) was i.p given. The control group received i.p. saline (0.2 ml).
In other groups of rats, gastric acid secretion was measured under the same conditions of gastric distention in addition to histamine (5 mg/kg, i.p., n = 6/group) or cholinergic stimulation (bethanechol 1.5 mg/kg, i.p., n = 6/group). The effect of UFH (2000 or 4000 IU/kg, i.p., n = 7/group), nadroparin (2000 or 4000 IU/kg, i.p., n = 7/group), enoxaparin (360 or 540 IU/kg, i.p., n = 6/group), or tinzaparin (1000 or 3000 IU/kg, i.p., n = 6/group) administered simultaneously with the secretagogues was studied. The control group received i.p. saline (0.2 ml).
The effect of nadroparin was also studied in rats subjected to bilateral subdiaphragmatic vagotomy or treated with atropine (1 mg/kg, i.p.). The stomach was then distended with 2 ml saline and histamine (5 mg/kg) was i.p. given. Nadroparin (2000 IU/kg, 0.2 ml, i.p.) or saline (0.2 ml, i.p.) was administered in the atropine-treated or vagotomized rats (n = 6/group). Two hours later, gastric contents were collected for determination of gastric acid output. In a further set of experiments, the effect of nadroparin (1000 or 2000 IU/kg, 0.2 ml, i.p.) was determined in rats treated with indomethacin (20 mg/kg, 0.2 ml, i.p.) or guanethidine (8 mg/kg, i.p.) administered 30 min prior to surgery and intragastric saline (2 ml) (n = 7/group). We have also examined the effect of UFH (12,500 IU/kg, i.p.,) on gastric acid secretion in rats treated with guanethidine (n = 8/group).
Rats received s.c. saline 1 ml/h to correct for possible dehydration during the experiment. At the end of the experimental period, gastric contents were collected, H + output determined by titration with 0.01N NaOH to pH 7, and expressed as μEq/2 h.
Statistics
Results are means ± SEM. Data of gastric acid output are expressed as μEq/2 h/100 g. Data are analyzed using two-tailed Student ' s t test (when there were only two groups) or one-way ANOVA and Duncan's multiple range comparison test. A probability value less than 0.05 was considered statistically significant. The number of rats used in experiments is presented in the text in parenthesis.
RESULTS
Acid Secretion Stimulated by Gastric Distention
The acid secretory response induced by distention was inhibited by 19% by administration of 2000 IU/kg of UFH (21.0 ± 1.1 vs. 26.3 ± 2.0 μEq/2 h, p < 0.05). Enoxaparin (180 and 360 IU/kg) inhibited the gastric acid response by 59.2 and 87.1%, respectively (11.1 ± 0.7 and 3.5 ± 0.2 vs. 27.2 ± 1.3 μEq/2 h, p < 0.05). Nadroparin at 1000 and 2000 IU/kg inhibited the acid response by 36.9 and 60.7% (18.92 ± 1.1 and 11.92 ± 0.8 vs. 30.0 ± 2.0 μEq/2 h, p < 0.05). Tinzaparin administration (1000 or 2000 IU/kg) was without significant effect on gastric acid secretion, but higher dose of 3000 IU/kg inhibited acid secretion by 41.3% (13.8 ± 0.6 vs. 23.45 ± 1.4 μEq/2 h, p < 0.05) ( Table 2) . 
Acid Secretion Stimulated by Gastric Distention and Histamine
The administration of histamine (5 mg/kg, i.p.) produced a marked increase in gastric acid secretion in the presence of gastric distention ( 
Acid Secretion Stimulated by Gastric Distention and Bethanechol
The total acid output in the presence of bethanechol (1.5 mg/kg, i.p.) after 2 h was inhibited by 49 and 51.5% by UFH (2000 and 4000 IU/kg, respectively) (68.6 ± 5.6 and 65.2 ± 5.0 vs. control value of 134.4 ± 11.0 μEq/2 h, p < 0.05). The gastric acid secretory response to bethanechol was also inhibited by nadroparin, enoxaparin, and tinzparin administered simultaneously with the secretagogue. At enoxaparin doses of 360 and 540 IU/kg, the gastric acid response was 27 and 39.6% inhibited (85.1 ± 6.6 and 70.4 ± 5.3 vs. 116.6 ± 8.3 μEq/2 h, p < 0.05). After nadroparin at 2000 or 4000 IU/kg, the gastric acid response was inhibited by 27.4 and 72.1%, respectively (96.8 ± 6.0 and 37.2 ± 3.0 vs. 133.3 ± 9.0 μEq/2 h, p < 0.05). Tinzaparin administration at 3000 IU/kg inhibited the gastric acid response by 48.5%, respectively (63.8 ± 5.1 vs.124 ± 8.6 μEq/2 h, p < 0.05) ( Table 4) .
Effect of Subdiaphragmatic Vagotomy
After subdiaphragmatic vagotomy, nadroparin (2000 IU/kg) did not inhibit gastric acid secretion stimulated by histamine and gastric distention (33.6 ± 3.2 vs. control values of 39.3 ± 2.6 μEq/2 h) ( Table  5) . 
Effect of Atropine
In rats treated with 1 mg/kg atropine, nadroparin (2000 IU/kg) did not decrease gastric acid secretion stimulated by histamine and gastric distention (84 ± 6.1 vs. control values of 93.2 ± 7.3 μEq/2 h) ( Table  5) .
Effect of Indomethacin
The total acid output in rats pretreated with indomethacin was inhibited by 46.4% by nadroparin administration at 2000 IU/kg (12 ± 0.7 vs. 22.4 ± 1.8 μEq/2 h; p < 0.001) ( Table 5 ).
Effect of Guanethidine
In rats treated with 8 mg/kg guanethidine, nadroparin (1000 or 2000 IU/kg) did not decrease gastric acid secretion (20.2 ± 2.3, n = 6 and 18.6 ± 1.4 vs. control values of 16.3 ± 1.3 μEq/2 h). Only when high doses of heparin (12500 IU/kg) were administered to guanethidine-treated rats, 18.5% decrease in gastric acid was noted relative to the control group (26.0 ± 1.1 vs. 21.2 ± 1.6 μEq/2 h; p < 0.05) ( Table 5) . 
DISCUSSION
The present study in urethane-anesthetized gastric fistula rats provided evidence that both UFH and three different LMWHs (nadroparin, enoxaparin, and tinzaparin) inhibit gastric acid secretion stimulated by gastric distention alone or gastric distention in addition to histamine or bethanechol administration.
Findings from the present work also suggest that nadroparin, enoxaparin, and tinzaparin were more effective in inhibiting gastric acid secretion than the conventional UFH; with enoxaparin being more potent in this respect.
LMWHs have different methods of preparation, which result in variations in mean molecular weight (MW), distribution of MW, and pharmacokinetic and pharmacodynamic profiles. Unlike other LMWHs, tinzaparin is prepared by enzymatic hydrolysis with heparinase, while various chemical depolymerization methods are used for the synthesis of the rest of LMWHs. The mean MW of these compounds ranges from 3600 to 6500 Da. Each of the LMWHs exhibit distinct pharmacologic and biochemical profiles because of manufacturing differences [21, 22] . Heparin has a short half-life in plasma (t1/2 = 1.5 h) and has variable and extensive binding to plasma proteins and cells. In comparison, LMWHs have superior pharmacologic and pharmacokinetic properties. This is because they do not bind to the endothelium and have a lower affinity for plasma proteins, resulting in better bioavailability, a substantially longer halflife, and a stable dose/response relationship when injected subcutaneously. For example, LMWHs are nearly three times as bioavailable as UFH when administered subcutaneously. This latter property is likely to account for the greater acid inhibitory effect of the LMWHs observed in present study. Pharmacokinetic differences also exist among the currently available LMWH preparations [1, 3, 4] , which again is likely to be involved in the variability of their acid inhibitory effect.
In the present study, an attempt was made to investigate the mechanism by which the different heparin preparations inhibit gastric acid secretion. It is unlikely that the observed inhibition is due to prostaglandin release by these agents, since pretreatment with the cyclooxgenase inhibitor indomethacin did not affect the inhibition of acid by nadroparin. These antisecretory effects are mediated through vagal cholinergic pathways since they were abolished after subdiaphragmatic vagotomy or atropine treatment. Further, the antisecretory effect of nadroparin or UFH was not observed after peripheral sympathectomy induced by guanethidine pretreatment, suggesting that the mechanism of inhibition of acid secretion by heparins may involve modulation of the sympathetic nervous system. Distention of the stomach stimulates acid secretion by a vagal cholinergic mechanism [23, 24] . The acid secretory response to distention in the rat also involves calcitonin gene-related peptide (CGRP)-containing neurons [25] . The response can be inhibited by vagotomy, anticholinergics, and H2-receptor antagonists [23, 26, 27] and is also subject to central modulation by sympathetic fibers [28, 29] . The site of action of peripherally administered heparins in inhibiting gastric acid cannot be determined from the present experiments. Heparin and related molecules possess biological actions beyond their anticoagulant properties. It has been suggested that the relatively high plasma diamine oxidase activity observed following heparin bolus administration would lead to the rapid degradation of histamine and other diamine oxidase substrates present in the circulation [30] . Heparins might also act within the central nervous system to inhibit gastric acid secretion. Kondashevskaya et al. [6] have shown that rats treated with heparin exhibited increased concentrations of norepinephrine in the hypothalamus, homovanillic acid in the striatum, and serotonin in the small intestine.
Recent studies suggested that both UFH and LMWH given by intravenous or intragastric routes enhance gastric ulcer healing in rats. Increase in mucosal regeneration and proliferation, angiogenesis, mucus content, nitric acid, or prostaglandin release contribute to the effects of heparins [31, 32, 33] .
Findings from the present work may provide additional explanation for the ulcer-healing properties of UFH and LMWHs observed in experimental conditions. Ulcers are more likely to heal in the absence of acid and the use of antacids, H2-receptor blockers, or proton pump inhibitors is a cornerstone in therapy of gastric or duodenal ulcers [34, 35] . It has been shown that omeprazole completely reversed the indomethacin-induced decrease in the microvessel density. The effect has been attributed to decreased gastric acid-pepsin attack at the ulcer base, as well as the decreased degradation of acid-unstable fibroblast growth factors [36] .
In summary, the present study indicates that both UFH and LMWHs administered peripherally inhibit stimulated gastric acid secretion in the rat. This effect is determined by cholinergic and partly by adrenergic mechanisms.
